Abstract. We investigated the relationship between serum dehydroepiandrosterone-sulfate (DHEA-S) and insulin-like growth factor-I (IGF-I) to various parameters for atherosclerosis in type 2 diabetes. The levels of DHEA-S and IGF-I are known to decrease with aging and thereby might be associated with an increased risk of cardiovascular disease. One hundred forty-eight men and 106 postmenopausal women with type 2 diabetes were assessed in a cross-sectional study. Serum DHEA-S and IGF-I concentrations were measured and brachial-ankle pulse wave velocity (baPWV) and ultrasonographically-evaluated intima-media thickness (IMT) were assessed. Although simple regression analysis showed that log(DHEA-S) and IGF-I in men and log(DHEA-S) in women were significantly and inversely correlated with baPWV and IMT, only log(DHEA-S) in women was still significantly and inversely correlated with these atherosclerotic parameters after multiple regression analysis was adjusted for age, duration of diabetes, BMI, HbA 1C , systolic blood pressure, LDL-Cholesterol (C), serum creatinine, and smoking (Brinkman index). Serum DHEA-S level seemed to be associated with atherosclerosis in diabetic postmenopausal women independent of age, body stature, diabetic status, and other atherosclerotic risk factors, and might be a useful addition to other parameters for assessing the risk of atherosclerosis in this population.
AGING hormones have recently attracted widespread attention due to their beneficial anti-aging effects. Both dehydroepiandrosterone (DHEA) and growth hormone (GH)-insulin-like growth factor (IGF)-I axis are known to decrease during aging, called adrenopause and somatopause, respectively. Accumulating evidence has shown that DHEA and IGF-I themselves seem to exert protective effects against atherosclerosis [1] [2] [3] [4] , diabetes [5, 6] , and osteoporosis [7, 8] , which become prevalent during aging. Thus, maintaining DHEA and IGF-I in the circulation at sufficient levels might be important for preventing these aging-related diseases.
Recent studies have indicated that decreases in circulating DHEA and IGF-I were related to atherosclerosis and plaque progression, resulting in cerebro-and cardiovascular diseases (CVD). DHEA-sulfate (S), which is converted to the active form DHEA in a linear manner, represents the circulating hormonal pool of DHEA and is a good marker for DHEA availability. Decreased serum levels of DHEA-S have been found to be associated with coronary heart disease [9] , and an inverse correlation between DHEA-S and cardiovascular mortality has been reported in men and postmenopausal women [3, 4] , while other studies failed to find these associations [10] . Produced by the adrenal gland DHEA is known to be a weak androgen contributing to androgenicity mainly after peripheral conversion to more potent androgens, testosterone and dihydrotestosterone. In postmenopausal women, adre-nal DHEA functions as a sex hormone in compensation for a decline in estradiol, and is more potently associated with CVD than in men and premenopausal women [11] . On the other hand, previous studies have demonstrated that serum IGF-I level was decreased in patients with CVD [12, 13] , while other studies have found no correlation [14] . IGF-I seems to exert complex effects on vascular cells. IGF-I stimulates vascular smooth muscle cell (VSMC) proliferation [15] as well as migration to promote neointimal formation [16] , whereas IGF-I might serve to protect against plaque instability and rupture by suppressing VSMC apoptosis and increasing VSMC elastogenesis [17] .
DHEA and IGF-I are also involved in glucose metabolism. DHEA is known to improve insulin resistance [6] and to increase insulin secretion from the pancreas [18] . Several reports have indicated an association between diabetic control and the level of DHEA(-S) [19, 20] . On the other hand, IGF-I is the second most powerful naturally-occurring peptide with glucose-lowering effects after insulin [21] . IGF-I increases insulin sensitivity and peripheral glucose uptake, decreases hepatic glucose production, and improves the lipid profile [5, 22] . Lowered serum IGF-I level was suggested to predict worsening of insulinmediated glucose uptake in older people [23] . In patients with type 2 diabetes, serum IGF-I levels were dependent on the degree of glucose control, with near normal IGF-I levels in well-controlled diabetes, whereas they tended to decrease in poorly controlled diabetes [24, 25] . Thus, circulating DHEA and IGF-I levels seem to be affected by diabetic status and might be associated with atherosclerosis in diabetic patients differently than in non-diabetic subjects.
In this study, in order to address roles of DHEA and IGF-I in atherosclerosis of diabetic patients, we measured serum levels of DHEA-S and IGF-I in Japanese men and postmenopausal women with type 2 diabetes, and investigated the association of these hormone levels to atherosclerosis and other cardiovascular risk factors, as well as the presence of cardiovascular diseases (CVD) and microvascular complications. Atherosclerosis was assessed by brachial-ankle pulse wave velocity (baPWV) and ultrasonographically-evaluated intimamedia thickness (IMT).
Subjects and Methods

Subjects
The subjects in this study were 148 Japanese men and 106 postmenopausal Japanese women with type 2 diabetes aged 20-82 and 47-85 years (mean 59 and 63 years, respectively), respectively. Subjects visited Shimane University Hospital for an education, evaluation or treatment of diabetes. Clinical characteristics of subjects are shown in Table 1 . Subjects agreed to participate in the study and gave their informed consent. This study was approved by the review board of our institution. All women had been without spontaneous menses for more than one year. None of the subjects had hepatic or renal dysfunction or nutritional derangements that might cause changes in hormonal metabolism. Subjects exhibiting macroalbuminuria (>300 mg/day) were excluded from this study. Fortysix patients had received insulin treatment, 143 patients had taken oral hypoglycemic agents, and 62 patients had taken HMG-CoA reductase inhibitors for dyslipidemia treatment. Seventy-seven patients had taken calcium antagonists, 59 patients had taken angiotensin converting enzyme inhibitors or angiotensin II receptor blockers for hypertension treatment, and 41 patients have taken aspirin for atherosclerosis treatment. All subjects were free of drugs known to influence sex hormone concentrations until the time of the present study. Neuropathy was diagnosed by the chief physicians with subjective symptoms, the attenuation of Achilles' tendon reflex, and the sensory disturbance of foot. Retinopathy was evaluated by opthalmologists at our hospital. Nephropathy was estimated by daily urine albumin (>30 mg/day). CVD was defined as the presence of previous myocardial infarction or cerebral infarction based on the clinical history.
Arterial stiffness measurement
PWV was measured using the VaSera VS-1000 (Fukuda Denshi, Tokyo, Japan), an automated recording device that calculates the time delay between two pulse waves recorded simultaneously. Briefly, the subject was examined in the supine position, with a volume plethysmographic sensor in cuffs on both the brachia and ankles. After 15 minutes of rest, the subject's volume pulse form was detected, and time intervals (T) between the wave front of the heart and that of the ankles were calculated. The distance (L) between the heart and sampling points was calculated automatically according to the subject's height. baPWV was calculated according to the following formula: baPWV = L/T(L = La-Lb, where La is the path length from the heart to ankle, and Lb is the path length from the heart to brachium) [26] . In the present study, the measurement of baPWV was performed on a different occasion from the blood collection so that the participant would be mentally relaxed. The mean of the right and left baPWV were used during analysis because there was a strong significant correlation between right and left baPWV (r = 0.944, p<0.0001).
Ultrasonographic measurement of carotid intimamedia thickness B-mode ultrasonographic imaging of the carotid artery was performed using HDI 5000 (Philips, Tokyo, Japan), a high-resolution, real-time ultrasonograph with a 7.5-MHz transducer. All scans were performed by two trained sonographers who remained unaware of each other's data. The scanning of extracranial carotid arteries in the neck was conducted bilaterally at longitudinal projections and at the transverse projection for measurement of IMT. Each carotid wall and segment was explored to identify the thickest intima-medial sites. IMT was measured as the distance between the lumen-intima interface and the media-adventitia interface on the B-mode image. Four segments were identified on each side: the distal 1.5 cm of the common carotid proximal to the bifurcation (S1), the bifurcation itself (S2), the proximal 1.5 cm of the internal carotid artery (S3), and more proximal 1.5 cm of S3 (S4). To quantify carotid artery wall thickness, the following measures were chosen: mean of the maximum wall thickness of 8 sites (S1-4; far wall of the left and right sides) for IMT-mean; the maximum of 8 sites IMT for IMT-Max.
Biochemical measurements
After overnight fasting, serum was collected. Biochemical markers were measured by standard biochemical methods. Serum IGF-I and DHEA-S were measured by radioimmunoassay (RIA). Hemoglobin A1c (HbA1c) was determined by high performance liquid chromatography (HPLC). As a marker of diabetic nephropathy, albumin excretion was measured in 24 h urine. Serum C-peptide was measured by enzyme linked immunosorbent assay (ELISA). Total cholesterol (TC), triglyceride (TG), and HDL-Cholesterol (C) were evaluated using an enzymatic method. LDL-C was calculated by the formula [TC -(HDL-C + TG/5)].
Statistical analysis
Data were expressed as mean ± SD. Since serum DHEA-S level showed a markedly skewed distribution, DHEA-S was transformed to its logarithms before simple or multiple regression analysis. Simple, multiple, and logistic regression analysis were performed using the statistical computer program StatView (Abacus Concepts, Berkeley, CA). P<0.05 was considered to be significant.
Results
Serum levels of DHEA-S and IGF-I with various variables
Simple regression analysis between the logarithm of serum DHEA-S level [log(DHEA-S)] or serum IGF-I levels versus various demographic variables is summarized in Table 2 . Log(DHEA-S) was significantly affected by age, duration of diabetes, and body mass index (BMI) in both sexes, and serum IGF-I level was significantly correlated with age in men. Thus, the relationships between log(DHEA-S) or serum IGF-I level versus blood pressure and biochemical parameters were examined by multiple regression analysis adjusted for age, duration of diabetes, and BMI (Table 3) . In male patients, log(DHEA-S) was significantly and positively correlated with LDL-C, and IGF-I was significantly and inversely correlated with HDL-C, FPG, and HbA1C, and positively with LDL-C. In female patients, log(DHEA-S) was not significantly correlated with any variables, while IGF-I was significantly and inversely correlated with diastolic blood pressure (DBP) and fasting plasma glucose (FPG), and positively with HDL-C.
Relationship between serum levels of DHEA-S and IGF-I Simple regression analysis showed that log(DHEA-S) was significantly correlated with IGF-I in both men and women (r = 0.510, p<0.0001 and r = 0.276, p = 0.0059, respectively). Also, multiple regression analysis adjusted for age, duration of diabetes, and BMI also revealed these correlations (r = 0.385, p<0.0001 and r = 0.251, p = 0.0342, respectively). 
Relationship between serum levels of DHEA-S or IGF-I versus baPWV and IMT
Simple regression analysis between baPWV and IMT versus log(DHEA-S) or IGF-I as well as other risk factors are shown in Table 4 . baPWV, IMT-Max, and IMT-mean were significantly and inversely correlated with both log(DHEA-S) and IGF-I in male patients, and with log(DHEA-S) but not with IGF-I in female patients. These atherosclerotic parameters were also significantly associated with established cardiovascular risk factors such as age, duration of diabetes, BMI, HbA1C, systolic blood pressure (SBP), LDL-C, serum creatinine, and smoking (Brinkman index). Next, in order to investigate whether or not log(DHEA-S) and IGF-I were related to baPWV and IMT independent of these cardiovascular risk factors, multiple regression analysis adjusted for these risk factors were performed between them (Table 5 ). In postmenopausal women, log(DHEA-S) but not IGF-I was significantly and inversely correlated with IMT-Max and IMT-mean, and tended to be correlated with baPWV independent of cardiovascular risk factors. Log(DHEA-S) was still significantly and inversely correlated with IMT-mean, and tended to be correlated with baPWV and IMT-Max after additional adjustment for serum IGF-I (baPWV; r = -0.146, p = 0.1166, IMT-Max; r = -0.220, p = 0.0619; IMT-mean; Multiple regression analysis was performed between log(DHEA-S) or IGF-I versus baPWV and IMT adjusted for age, duration of diabetes, BMI, HbA1c, SBP, LDL-C, serum creatinine, and Brinkman index. r = -0.272, p = 0.0233, respectively). On the other hand, there were no significant correlations between either of the hormones and any atherosclerotic parameters in men.
Comparison of serum levels of DHEA-S and IGF-I between patients with and without CVD or diabetic microvascular complications
Next, we compared serum levels of DHEA-S and IGF-I between patients with and without CVD or diabetic microvascular complications (Table 6 ). Serum IGF-I level was lower in men with CVD than without CVD (p = 0.0461), and serum DHEA-S level was lower in men with neuropathy than without neuropathy (p = 0.0067). Serum DHEA-S level was lower in postmenopausal women with neuropathy than without neuropathy (p = 0.0275). However, after being adjusted for age, duration of diabetes, BMI, HbA1C, SBP, LDL-C, serum creatinine and Brinkman index, logistic regression analysis revealed no significant association of these hormone levels with the presence of CVD or microvascular complications (data not shown).
Discussion
The incidence of CVD is approximately two or three times as high in patients with type 2 diabetes as in agematched controls without diabetes [27, 28] , and the risk of CVD increases with the duration of diabetes and with age [29] [30] [31] . However, the overall outcome of the UKPDS has revealed that CVD could not be completely prevented by the common methods of blood glucose control [32] , suggesting that other conventional cardiovascular risk factors such as plasma lipids, lipoproteins and hypertension are also involved in this excessive risk of developing atherosclerosis and CVD in individuals with type 2 diabetes [31, 33] .
Increased arterial stiffness and carotid-artery intimamedia thickness are known to be correlated with atherosclerosis and have recently been shown to be an independent marker of cardiovascular mortality [34] [35] [36] [37] . Therefore, the measurement of PWV and the carotid artery IMT are clinically useful for predicting cardiovascular diseases by noninvasive methods. The present study showed that serum levels of DHEA-S were significantly and inversely correlated with baPWV and carotid artery IMT in postmenopausal women with type 2 diabetes independent of age, BMI, diabetic status, and other cardiovascular risk factors. Thus, decreasing serum DHEA-S would be specifically linked to atherosclerosis in diabetic postmenopausal women.
Bernini et al. have also showed that serum DHEA-S was inversely correlated with IMT in women, but this relationship was dependent on age [2] . The difference in age-dependency between their study and ours may be because about half of their subjects comprised premenopausal younger women. It is well known that the hormonal status of the women dramatically changes after menopause, where the relative contribution of the adrenal gland to total C19 steroid production is known to increase in compensation for a loss of ovarian follicular androgen synthesis. Thus, the clinical effect of impaired adrenal androgen synthesis might be more profound in postmenopausal women than in younger women or men. On the other hand, diabetes patients have significantly lower plasma concentrations of DHEA than non-diabetic controls because of their low 17,20-lyase activity in the adrenal steroidogenic enzymes [19, 20] . Thus, the negative correlation between serum DHEA-S level and atherosclerosis found in this study might be more likely to occur in diabetic postmenopausal women than in any other population. Fukui et al. reported that serum DHEA-S concentration was negatively associated with urinary albumin excretion [38] and carotid atherosclerosis determined by measurement of IMT [39] in men with type 2 diabetes, suggesting that the hormone concentration may partly explain higher CVD mortality in them. The results from our simple regression analysis (Tables 3 and  4 ) also corroborate their findings.
Our findings suggested that serum IGF-I itself was not involved in either atherosclerosis in patients with type 2 diabetes or the significant inverse correlation of serum DHEA-S level with atherosclerosis in diabetic postmenopausal women. However, previous studies have demonstrated that in type 2 diabetes IGF-I therapy as an adjunct to insulin could decrease cardiovascular events by approximately 22% during 12 months of follow-up after coronary balloon angioplasty [40] . Thus, further prospective studies are necessary to estimate the effect of IGF-I on CVD in diabetic patients.
This study has some limitations. First, the sample size was not large enough to make any definite conclusions. Although we demonstrated a significant inverse correlation of serum DHEA-S level with baPWV and IMT in diabetic postmenopausal women, we found no significant association of the hormone level with the presence of CVD in the group. This may be because only eight patients with CVD history were included in our study. Second, we analyzed only subjects who visited Shimane University Hospital, a tertiary center, for evaluation or treatment of diabetes mellitus. Therefore, the patients enrolled in this study might have relatively severe states of the disorder, as shown in the moderately high background HbA1C level, and might not be representative of Japanese men and postmenopausal women with the disorder. Third, many subjects in this study had taken drugs for the treatments of diabetes, hypertension, and dyslipidemia. Previous studies indicated that insulin, metformin, or amlodipine could affect serum DHEA-S levels [41] [42] [43] . Although serum DHEA-S level was not significantly different between subjects with and without treatments in this study (data not shown), we have to consider these effects when evaluating the hormonal levels. Fourth, although we carefully eliminated the influence of diabetic status with statistical methods, we did not carry out a study on non-diabetic controls. Thus, it is unclear whether the usefulness of serum DHEA-S level for assessing the risk of atherosclerosis is specific to diabetic postmenopausal women, or is also applicable to their non-diabetic counterpart. Consequently, the assessment of larger numbers of patients is necessary to determine that the measurement of serum DHEA-S level can be used as a suitable tool for the diagnosis and therapeutic monitoring of atherosclerosis and CVD in diabetic postmenopausal women.
In conclusion, our study showed that serum DHEA-S level was significantly and inversely associated with atherosclerosis in postmenopausal women with type 2 diabetes, and that this finding was independent of age, body stature, diabetic status, cardiovascular risk factors, or serum IGF-I level. Several studies have shown that DHEA administration greatly improved a variety of endocrinologic, metabolic, and psychological parameters in both genders [44] [45] [46] . Prospective studies are needed to investigate whether or not DHEA supplementation clinically improves atherosclerosis in postmenopausal women with type 2 diabetes.
